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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a slurry for 
chemical mechanical polishings(CMP), where its polishing 
selectivity and removing speed with respect to a barrier 
metal layer are improved in comparison with a bulk metal 
layer. 

SOLUTION: Diethylene triamine penta acetate(DTPA) as 
a chelating agent is contained in a chemical and 
mechanical polishing(CMP) slurry for polishing the 
surface of a metal semiconductor wafer. A CMP process 
is used to polish the surface of the semiconductor wafer 
during the step for forming an interconnecting line or a 
via. The interconnecting line includes a bulk metal layer 
and a barrier metal layer which are formed over a trench 
of an insulating layer in the semiconductor wafer. The 
DTPA increases the polishing selectivity of the slurry, 
with respect to the barrier metal layer. Concurrently 
with the increased removing speed of the barrier metal 
layer, dishing of the bulk metal layer is prevented in the 
trench during the process of the CMP. 
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1. Title of Invention 

CHELATING AGENT FOR SLURRY SELECTIVITY 
CONTROL AND ASSOCIATED METHOD 
2» , Claims 

1. A chemical mechanical polishing { CMP) slurry for 
polishing a semiconductor wafer including at least one 
metal layer, the slurry comprising: 

aqueous medium; 

an abrasive in said aqueous medium; 

an oxidizing agent in said aqueous medium; and 

diethylene triamine penta acetate (DTPA) as a. 

chelating agent in said aqueous medium for metal polished 

from the semiconductor wafer. 

2. A CMP slurry according to Claim l, wherein the 
slurry has a pH less than about 7 . 

3. A CMP slurry according to Claim 1, wherein said 
DTPA is in a range of about 0.5 to 2 percent by weight in 
the slurry. 

4. A CMP slurry according to Claim 1, wherein said 
DTPA has a stability constant greater than about 5 . 

5. A CMP slurry according to Claim 1 ( wherein said 
aqueous medium comprises deionized water. 

6. A CMP slurry according to Claim 1, wherein said 
aqueous medium comprises distilled water. 

7. A CMP slurry according to Claim 1, wherein said 
abrasive comprises a metal oxide abrasive. 

8. A CMP slurry according to Claim 1, wherein said 
abrasive comprises at least one of: alumina, ceria, silica 
and mixtures thereof. 

9. A CMP slurry according to Claim 1, wherein said 
oxidizing agent comprises hydrogen peroxide. 
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10. A chemical mechanical polish (CMP) • slurry for 
polishing a semiconductor wafer including at least one 
metal layer, the slurry comprising: 

aqueous medium; 

an abrasive in said aqueous medium; 

an oxidizing agent in said aqueous medium; and 
diethylene trianiine penta acetate (DTPA) as a 
chelating agent in said aqueous medium for metal polished 
from the semiconductor wafer, said DTPA is in a range of 
about 0.5 to 2 percent by weight in the slurry. 

11. A CMP slurry according to Claim 10 , wherein the 
slurry has a pH less than about 7. 

12. A CMP slurry according to Claim 10 , wherein said 
DTPA has a stability constant greater than about 5. 

13. A CMP slurry according to Claim 10 r wherein said 
aqueous medium comprises deionized water. 

14. A CMP slurry according to Claim 10, wherein said 
aqueous medium comprises distilled water. 

15. A CMP slurry according to Claim 10, wherein said 
abrasive comprises a metal oxide abrasive. 

16. A CMP slurry according to Claim 10, wherein said 
abrasive comprises at least one of: alumina, ceria, silica 
and mixtures thereof . 

17. A CMP slurry according to Claim 10, wherein said 
oxidizing agent comprises hydrogen peroxide. 

18. A method for chemical mechanical polishing (CMP) 
a semiconductor wafer comprising an insulating layer and at 
least one metal layer on the insulating layer, the method 
comprising the step of: 

dispensing a CMP slurry to an interface between the 
semiconductor wafer and a polishing article while providing 
relative motion therebetween; 
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the slurry comprising an aqueous medium, an abrasive, 
an oxidizing agent, and diethylene triamine penta acetate 
<DTPA) as a chelating agent for metal polished from the 
semiconductor wafer. 

19. A method according to Claim 18, wherein the ^slurry 
has a pH less than about 7 . 

20. A method according to Claim 18, wherein the DTPA 
is in a range of about 0.5 to 2 percent by weight in the 
slurry . 

21. A method according to Claim 18, wherein the DTPA 
has a stability constant greater than about 5. 

22. A method according to Claim 18, wherein the 
aqueous medium comprises deionized water. 

23. A method according to Claim 18, wherein the 
aqueous medium comprises distilled water. 

24. A method according to Claim 18, wherein the 
abrasive comprises a metal oxide abrasive. 

25. A method according to Claim 18, wherein the 
abrasive comprises at least one of: alumina, ceria, silica 
and mixtures thereof . 

26. A method according to Claim 18, wherein the 
oxidizing agent comprises hydrogen peroxide. 

27. A method according to Claim 18, wherein the at 
least one metal layer comprises at least one of: aluminum, 
copper, tungsten, titanium, titanium nitride, tantalum, 
tantalum nitride and alloys thereof. 

28. A method according to Claim 18, wherein the at 
least one metal layer comprises a barrier metal layer and a 
bulk metal layer on the barrier metal layer. 

29. A method according to Claim 30, wherein the 
barrier metal layer is comprises at least one of: titanium, 
titanium nitride, tantalum, tantalum nitride and alloys 
thereof; and wherein the bulk metal layer comprises at 
least on of: aluminum, copper, tungsten and alloys thereof. 
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3* Detailed Description of Invention 

Field of the Invention 

The present invention relates to semiconductor 
processing, and, more particularly, to a slurry used to 
polish a semiconductor wafer surface. 

Background of the Invention 

A semiconductor wafer typically includes a 
semiconductor substrate, such as silicon, on which 
transistors are formed. The transistors are interconnected 
through metal interconnect lines, vias or contacts to form 
functional circuits. An interconnect line, for example, is 
formed by depositing a metal layer on a trench or via 
etched into an insulating layer on the semiconductor 
substrate. Chemical mechanical polishing (CMP) is used to 
polish the surface of the metal layer during the steps of 
the semiconductor process. 

In general, CMP involves the concurrent chemical and 
mechanical polishing of an overlying first layer to expose 
the surface of a second layer on which the first layer is 
formed. The CMP process uses a polishing pad and a slurry 
to remove the first layer until the upper surface of the 
first layer becomes coplanar with the upper surface of the 
second layer. 

Slurry generally includes a solution which contains 
abrasive particles. The semiconductor wafer is bathed or 
rinsed in the slurry while an elastomeric pad is pressed 
against the first layer and rotated so that the slurry 
particles are pressed against the first layer under load. 
The lateral motion of the pad causes the slurry particles 
to move across the first layer, resulting in wear and 
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removal of the surface of the first layer. In many cases, 
Che rate of surface removal is determined by the degree of 
applied pressure, the velocity of pad rotation and the 
chemical activity of the slurry. 

An interconnect line includes at least one barrier 
metal layer and a bulk metal layer in a semiconductor 
wafer. The barrier metal layer may be in a range of about 
50 to 500 angstroms thick and typically 100 to 250 
angstroms thick, to prevent the bulk metal layer from 
spiking out and contacting the semiconductor substrate. 
The bulk metal layer is on the barrier metal layer to form 
the conductor of the interconnect line. A thickness of the 
bulk metal layer may be in a range of about 1,000 to 8,000 
angstroms thick, and typically 3,000 to 6,000 angstroms 
thick. 

Before a CMP process, the bulk metal layer 2 0 covers 
the surface of the barrier metal layer 22 in the 
semiconductor wafer 44, as shown in FIG. 1. During the CMP 
process, the barrier metal layer 22 and the bulk metal 
layer 20 both come in contact with the slurry. A problem 
arises because the polishing rate of the slurry is 
significantly higher for the bulk metal layer 20 as 
compared to the polishing rate of the barrier metal layer 
22. Consequently, when both the barrier metal layer 22 and 
the bulk metal layer 2 0 come in contact with the slurry, 
the bulk metal layer 20 is polished faster than the barrier 
metal layer 22. This causes a dishing in the trenches 24 
because of the low selectivity of the slurry with respect 
to the barrier metal layer 22, as shown in FIG. 2. Dishing 
is undesirable because it causes nonplanarities which 
effects the reliability of the interconnect line formed 
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during the CMP process. 

After the barrier metal layer 22 has been polished or 

planar ized to the surface of the oxide layer 26, the CMP 
process is generally continued for a few more seconds to 
insure that any remaining barrier metal layer 22 has been 
completely removed from the surface of the oxide layer 26. 
During this over-polish step in the CMP process, an erosion 
of the oxide layer 26 may occur, as indicated by reference 
28. This problem is particularly acute when the pattern 
density of the interconnect lines or vias are more dense in 
certain areas, as shown in FIG. 3- The dishing of the bulk 
metal layer 20 in these dense areas causes the oxide layer 
28 therebetween to erode as compared to a less dense area 
of the oxide layer, such as area 30, which remains 
planarized. 

One approach to the above described problem is to use 
two different slurries. A first slurry for the bulk metal 
layer 2 0 and a second slurry for the barrier metal layer 
22, wherein the second slurry has an increased polishing 
race for the barrier metal layer. However, a single slurry 
for the CMP process is more desirable than the use of 
multiple slurries. 

Another known approach for increasing the polishing 
rate of the barrier metal layer 22 is to add a chelating 
agent to the slurry. When the chelating agent is used with 
the abrasive particles in the slurry, higher polishing 
rates may be achieved. Examples of a chelating agent added 
to a slurry for enhancing polishing have been disclosed in 
several U.S. Patents. For example, U.S. Patent No. 
5,700,3 83 to Feller et al . discloses a slurry including 
citric acid, oxalic acid or ascorbic acid as the chelating 
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agent. U.S. Patent No. 5,916,819 to Skrovan et al . 
discloses a slurry which includes ethylene diphosphonic 
acid (EDP) as the chelating agent. 

While known slurries disclose the use of a chelating 
agent to improve the removal rate or selectivity of the 
barrier metal layer compared to the bulk metal layer, there 
is a continuing need to improve this selectivity during the 
CMP process . 

Summary of the Invention 

In view of the foregoing background, it is therefore 
an object of the present invention to provide a slurry for 
chemical mechanical polishing a semiconductor wafer 
including a barrier metal layer and a bulk metal layer to 
prevent dishing of the bulk metal layer, particularly in 
forming an interconnect line, via or contact in the 
semiconductor wafer. 

This and other objects, advantages and features in 
accordance with the present invention are provided by a 
slurry for polishing a semiconductor wafer including at 
least one metal layer. The slurry preferably includes an 
aqueous medium, an abrasive in the aqueous medium, an 
oxidizing agent in the aqueous medium, and diethylene 
triamine penta acetate (DTPA) as a chelating agent in the 
aqueous medium for metal polished from the semiconductor 
wafer. The DTPA is preferably in a range of about 0.5 to 2 
percent by weight in the slurry. The abrasive preferably 
includes at least one of alumina, ceria, silica and 
mixtures thereof. The slurry preferably has a pH less than 
about 7 . 

Another aspect of the invention is a method for 
chemical mechanical polishing (CMP) a semiconductor 
substrate comprising an insulating layer and at least one 
metal layer on the insulating layer. The method comprises 
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the step of dispensing a CMP slurry to an interface between 
the semiconductor wafer ana a polishing article while 
providing relative motion therebetween. The slurry 
preferably comprises an aqueous medium, an abrasive, an 
oxidizing agent, and di^thylene thiamine penta acetate 
(DT£A) as a chelating agent for metal polished from the 
semiconductor wafer. 

The at least one m^tal layer preferably includes a 
barrier metal layer and a bulk metal layer on the barrier 
metal layer, as in forming an interconnect line over a 
trench in the semiconductor wafer. The DTPA increases the 
selectivity of the slurry with respect to the barrier metal 
layer. With the removal rate of the barrier metal layer 
being increased, dishing in the bulk metal layer is 
prevented in the trenches during the CMP process. 
Consequently, reliability of the semiconductor device is 
improved. The bulk metal layer preferably includes at 

least one of aluminum, copper tungsten and alloys thereof. 
The barrier metal layer preferably includes at least one of 
titanium, titanium nitride, tantalum, tantalum nitride and 
alloys thereof. 
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Detailed Description of the Preferred Embodiments 

The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. 

e 

This invention may, however, be embodied in many different 
forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the scope of the invention 
to those skilled in the art. Like numbers refer to like 
elements throughout . The dimensions of layers and regions 
may be exaggerated in the figures for greater clarity. 

A polishing slurry comprising diethylene triamine 
penta acetate (DTPA) as a chelating agent increases the 
selectivity of the slurry during a metal chemical 
mechanical polishing (CMP) of a semiconductor wafer 
including at least one metal layer. The at least one metal 
layer in the illustrated embodiment includes a barrier 
metal layer 2 0 and a bulk metal layer 22 in the 

semiconductor wafer 44, as shown in FIG. 1. Increased 

selectivity of the slurry towards the barrier metal layer 
20 increases its removal rate when in contact with the 

slurry. This advantageously prevents dishing of the bulk 
metal layer 20 in the trenches 24, as discussed above with 

reference to FIG. 2. Moreover, erosion of the oxide layer 
2 8 in dense areas of the semiconductor wafer 44 is 

minimized because of the increased selectivity of the 
slurry towards the barrier metal layer 22, as shown in FIG. 
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3 . 

Referring again to FIG. 1, the bulk metal layer 20 
preferably comprises copper or aluminum when forming an 
interconnect line. If the bulk metal layer 20 is copper, 
then the barrier metal layer 22 is preferably a layer of 
titanium, or a layer of titanium nitride on the titanium 
layer. If the bulk metal layer 20 is aluminum, then the 
barrier metal layer 22 is preferably a layer of tantalum 
and a layer of tantalum nitride on the tantalum layer. 
Alternatively, for aluminum as the bulk metal layer 20, the 
barrier metal layer 22 may also be a layer of titanium, or 
a layer of titanium nitride on the titanium layer. These 
barrier metals are also referred to as heavy metals, as 
readily understood by one skilled in the art. Other metals 
and alloys thereof are also contemplated by the present 
invention . 

The titanium nitride layer and the tantalum nitride 
layer are an adhesive for the bulk metal layer 20, whereas 
the titanium layer and the tantalum layer prevent the bulk 
metal layer from spiking out and contacting the 
semiconductor substrate 32. When copper is the bulk metal 
layer 20, a seed layer may be used to provide adhesive in 
lieu of a layer of titanium nitride. In addition to 
forming interconnect lines, the slurry may also be used to 
polish vias and contacts in the semiconductor wafer, as 
readily appreciated by one skilled in the art. 

An illustrative embodiment of a CMP apparatus assembly 
4 0 for polishing a surface of the semiconductor wafer 44 
will be described with reference to FIG. 4 in accordance 
with the present invention. Various other embodiments of 
the CMP apparatus assembly 40 are also applicable, as 
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readily appreciated by one skilled in the art. For 
example, some CMP apparatus assemblies do not use rotating 
platens and rotating wafer holders. 

The CMP assembly 40 includes a rotating 
wafer holder 42 that holds the semiconductor wafer 44. A 
slurry or fluid composition 46 in accordance with the 
present invention is introduced atop a polishing pad 48. 
The polishing pad 48 is located on a rotating table platen 
50, The polishing pad 48 is applied to the surface of the 
semiconductor wafer 44 in the 

presence of the slurry 46 at a certain pressure to perform 
the planarization. Pressure is applied, as represented by 
the arrow marked P. This pressure P represents both a down 
force pressure and a backside pressure applied by the CMP 
apparatus assembly 40. The rotating elements 42, 50 are 
rotated and moved by a motor, as is readily understood by 
one skilled in the art. 

The semiconductor wafer holder 42 rotates the 

semiconductor wafer 44 at a selected velocity about an axis 
4 8 and moves the wafer under a controlled pressure P across 
the pad 48. The semiconductor wafer 44 contacts the pad 48 
as it is moved. The area of the pad 48 which comes into 
contact with the surface of the semiconductor wafer 44 
varies as the wafer is moved in a predetermined pattern. 

A chemical supply system 52 introduces the slurry 46 
atop the pad 4 8 at a specified flow rate. The slurry 4 6 
may be introduced at various locations about the pad 4 8 
without affecting the benefits of the present invention. 
For example, the slurry 46 may be introduced from above the 
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pad 48, such as by drip or spray. Alternatively, the 
slurry 46 may be introduced from beside the rotating table 
50 by spraying. 

The slurry 46 comprises aqueous medium, an abrasive in 
the aqueous medium, an oxidizing agent in the aqueous 
medium, and diethylene triamine penta acetate (DTPA) as a 
chelating agent in the aqueous medium for metal polished 
from the semiconductor wafer 44. The abrasive preferably 
includes a metal oxide abrasive, such as alumina, ceria, 
silica or mixtures thereof. The oxidizing agent includes 
hydrogen peroxide, and the aqueous medium is deionized or 
distilled water. 

The rotating table 50 is rotated at a selected 
velocity and is rotated in the same direction as the wafer 
holder 42. The surface of the semiconductor wafer 44 is 
held in juxtaposition relative to the pad 48 so that the 
pad can polish the surface of the wafer. The slurry 46 and 
the pad pressure primarily determine the polishing rate or 
rate of removal of the surface material . 

To alleviate dishing during the above described 
polishing process, the slurry 46 includes diethylene 
triamine penta acetate (DTPA) as a chelating agent. DPTA 
enhances the reaction rate or the rate of detachment of the 
metal ions from the surface of the semiconductor wafer 44, 
particularly with respect to the barrier metal layer 22. 

DTPA is a water soluble multidentate molecular ligand 
having three donor atoms (N 3 ) in the molecule capable of 
occupying more than one position in the coordination sphere 
of a metal ion to form a cyclic structure, referred to as 
the chelating complex or the chelate. 

Conventional chelating agents typically have two donor 
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atoms in the molecule. DTPA advantageously provides higher 
selectivity of the slurry towards the barrier metal layer 
22 because of the third donor atom. The removal rate of 
the barrier metal layer 22 is increased, which in turn, 
minimizes dishing as may be present with low selectivity 
slurries. Moreover, DTPA is applicable to different 
metals, such as tungsten, copper, aluminum, tantalum, 
tantalum nitride, titanium and titanium nitride. DTPA 
forms weak bonds with the barrier metal layer 22, such as 
titanium or tantalum and their compounds, hydrolyzing them 
readily. That is, the bonds of the surface metal ions are 
split in the presence of the aqueous portion of the slurry, 
and these split ions are combined with elements of the 
diethylene triamine . 

Diethylene triamine, represented by C 4 H 13 N 3 , is the 
central group or ligand of the chelating agent. The 
triamine N 3 advantageously provides three atoms N within 
the ligand, whereby the metal being polished can attach 
three metal atoms to form a complex reaction. Consequently, 
a stronger bond is formed between the metal being polished 
and the chelating agent in the slurry 46 so that the rate 
of removal is increased with respect to the barrier metal 
layer 22. In addition, the rate of removal of the bulk 
metal layer 20 is also increased. 

The DTPA preferably forms a chelate or chelating 
complex that has a large conditional formation or stability 
constant K f with regard to the various metals of greatest 
concern during polishing. DTPA has a K f that is different 
with respect to each metal. The formation constant is the 
equilibrium constant for the formation of the chelate 
complex from the solvated metal ion and the ligand in its 
fully dissociated form. Many parameters influence 
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stability, including the size and number of chelate rings 
formed between the ligand and metal ion, substituents on 
the chelate rings, and the nature of the metal ions and 
donor atoms of the chelating 

agent. DTPA advantageously has a sufficiently high 
formation constant with respect to the barrier metal ions. 
Because the formation constants are different with respect 
to different metal ions for DTPA as a chelating agent, 
preferable ranges for K £ are given with respect to the 
metal ions of greatest concern, i.e., the barrier and bulk 
metals. Accordingly, chelating agent has a K f greater than 
5 for these metals . 

The benefits of using DTPA as the chelating agent is 
not affected by the type or material of the polishing pad 
48 utilized. For example, the slurry 46 may be utilized 
with any known and appropriate polishing pad 4 8 as would be 
known to one skilled in the art since the choice of pads is 
application dependant. The polishing pad 48 may include 
one or more pads, and they may be of a specific shape, 
i.e., circular, oval, or rectangular, and may be of a 
nonuniform shape. The choice of pads may also be of any 
particular hardness depending on the particular 
application. Further, as described above, the pads may 
include an abrasive component at a surface thereof for 
planarization . 

The slurry 46 generally includes an abrasive component 
and a component that chemically interacts with the surface 
being planarized. For example, a typical oxide polishing 
slurry 46 includes a 

colloidal suspension of oxide particles, with an average 
size of 120 nm, for example, in an acidic solution having a 
pH less than or equal to 7. However, the DTPA may be used 
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with alkali solutions having a pH greater than 7. Ceria 
(Ce0 2 ) suspensions may also be used when appropriate, - 
particularly where large amounts of metal must be removed. 
Ceria acts as both the chemical and mechanical agent in the 
slurry 46. Other abrasive components of the slurry 46 may 
include, but are not limited to alumina (A1 3 0 2 ) and silica 
or any other abrasive used in conventional polishing 
slurries, as readily known by one skilled in the art. 

General characteristics of suitable slurry 
components utilized in conjunction with the chelating agent 
include that the hardness of the polishing particles or 
abrasive component should be about the 

same hardness as the hardness of the metal being polished 
to avoid damaging the metal. In addition, the particles 
should be uniform and the solution free of 
metallic contaminants. Further, for example, the slurry 
has a pH less than about 7 when used in metal polishing 
processes . 

The present invention may also be utilized with a CMP 
apparatus device 40 using a pad 4 8 that includes an 

abrasive component, wherein the fluid composition includes 
the chelating agent and a fluid component that chemically 
interacts with the surface of the semiconductor wafer 44. 
Therefore, the slurry 4 6 does not need the abrasive 
component provided by the pad 48. The chemical interacting 
fluid component however, would still be required. The 
fluid chemically interacting component may include, for 
example, ammonium hydroxide or any acidic solution having a 
pH less than or equal to 7. The amount of DTPA used in the 
slurry 46 is of an amount effective to increase the 
selectivity of the slurry with respect to the barrier metal 
layer 22. Preferably, DTPA as the chelating agent is 
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present in an amount of about 0.5 to 2% by weight, based 
upon the total weight of the fluid composition. 

Another aspect of the invention is a method for 
chemical mechanical polishing (CMP) a semiconductor wafer 
44 comprising an insulating layer 26 and at least one metal 
layer on the insulating layer. The method includes the 
step of dispensing a CMP slurry 46 to an interface between 
the semiconductor wafer 44 and a polishing article 48 while 
providing relative motion therebetween. The slurry 46 
comprises an aqueous medium, an abrasive, an oxidizing 
agent, and diethylene triamine penta acetate (DTPA) as a 
chelating agent for metal polished from the semiconductor 
wafer 44. 

The at least one metal layer includes a barrier metal 
layer 2 2 and a bulk metal layer 20 on the barrier metal 

layer, as in forming an interconnect line over a trench in 
the semiconductor wafer 44 . The DTPA increases the 

selectivity of the slurry 46 with respect to the barrier 

metal layer 22 . With the removal rate of the barrier metal 

layer 22 being increased, dishing in the bulk metal layer 

2 0 is prevented in the trenches during the CMP process. 

Consequently, reliability of the semiconductor wafer 44 is 

improved. The bulk metal layer 20 includes at least one of 

aluminum, copper tungsten and alloys thereof. The barrier 
metal layer 22 includes at least one of titanium, titanium 

nitride, tantalum, tantalum nitride and alloys thereof. 

Many modifications and other embodiments of the 
invention will come to the mind of one skilled in the art 
having the benefit of the teachings presented in the 
foregoing descriptions and the associated drawings. 
Therefore, it is to be understood that the invention is not 

to be limited to the specific embodiments disclosed, and 
that modifications and embodiments are intended to be 
included within the scope of the appended claims. 
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4. Brief Description of Drawings 

FIG. 1 is a cross-sectional view of a semiconductor 
wafer having trenches covered by a barrier metal layer and 
a bulk metal layer before a CMP process according to the 
prior art . 

FIG. 2 is a cross-sectional view of the semiconductor 
wafer illustrated in FIG. 1 showing dishing in the bulk 
metal layer in the trenches after the CMP process. 

FIG. 3 is a cross-sectional view of a semiconductor 
wafer showing an erosion of the oxide layer caused by the 
dishing illustrated in FIG. 2. 

FIG. 4 is a cross-seqtional view of a semiconductor 

wafer positioned in a chemical mechanical polish apparatus 
contacting a slurry in accordance with the present 
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FIG. 1 

PRIOR ART 
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1. Abstract 

A chemical mechanical polishing (CMP) slurry for 
polishing a metal semiconductor wafer surface includes 
diethylene triamine penta acetate (DTPA) as a chelating 
agent. A CMP process is used to polish the semiconductor 
wafer surface during the step of forming an interconnect 
line or via. The interconnect line includes a bulk metal 
layer and a barrier metal layer formed over a trench in an 
insulating layer in the semiconductor wafer. The DTPA 
increases the selectivity of the slurry with respect to the 
barrier metal layer. With the removal rate of the barrier 
metal layer being increased, dishing in the bulk metal 
layer is prevented in the trenches during the CMP process. 

2. Representative Drawing 
Fig. 4 
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ix^o CMPIIlt tBS^^-^tfTSr^fig-rS^T- 
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[»»»**>«»] 

3L—^*:wm-?z>tL#><n. ik^m&Mm (cmp) 
miE*»#i>i— ^*»6w«$nfcA*(c*hr«. mis 

>^y^7tr-h (DTP A) t ^-atrW^^v y 

Bul2X7 y-M&7 X (9/h$^pH5rtt5^7 y 

[f»*JS3] »3R3SltC|a*OCMP^7 !J-lC:fcV> 
t\ fltJEDTP A^i!uiE*7 y — tfi-e^o. 5iV^L2 

[M**4] »*3il (CE*OCMP*7 y-(Cio^ 
T> Suf£DTPA#£j5 i 9*#t>£^K^»£:*ri-5 

*9 y- fl 

[»*«5 ] 1 CEt^CMP^7 y — iCjoVN 

[SS**6] {cfS*coCMP^7 y-(cio^ 

i»E**ttJi^««*«:*tf^9 y-, 
o^^co^>*< ^ t>— o^tp^9 y — o 

9 ] 1 «CI5«0 CMPT^yy-CioP 

T, TOEKfkJWJiiBKft**Sr«tf^9 y-, 

i o ] t fc — ^Ot&JRJlSr^tf^aH* 

^^-^SrBFB-rSfc^, ft*£«i«ffl» (CMP) * 

7 y — tibot, 

ffiE*«tt«tf*<oW«*J£. 
«rE**tttttf * <7>S£f i . 

89E^*ff^^^^/J»bWlSSn^«^fl--rs#lE* 

— 0. 5 L 2 tt%cO®i v^xf uy 

h 'J 7 ; V<>*T-t?x — h (DTPA) £ 

^9 y- 0 

[it*Jii i ] »*tsi oict£«cocMP^7 y— ic 

io^T, ^7iO/h$^pHS:ft5^7y- 
[IS*3Sl 2] 1***11 0(ClSfeOCMP^7 y — Kl 

io^T, ^ 5 J: 0 ^MSt^r ^ ^ 7 y - 
[19**11 3] 1***11 0lCEf^CMPX7 y-(c 

fcir*T. mE**ttJ9E^dSM>f*v*Sr4tf^7 y-. 
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iwt*jf 1 5] is*gii oi:EiwcMP^7 y-u 

[f**rii 6] it*3Sl 0lcffi«cocMP^7 y— c 

tf**>»*»<04>4 < £ t> — ^ S:* tr * 9 y - D 
[1***11 7] 0CE«oCMP^7y-(: 

MP) tSfcM*fttfcot/ 

cm p^7 u —zmm^mfc $ t wm^^mcn 

J:Wffl[E#**^^^^&Wli$*tfc&*«cit"4-5* 
U- bfflt LTffiK h y T * >-<>^Tirf- 

— h (DTPA) ^^tf^S, 
[»**Ii 9] ff*gCl 8{wE*cr>^ffiU*5^r. lift 

20 15*7 y— ^7 j: o/h^^pH^^-rs^fe. 

l»*«2 0] ff*ril 8lc|Sfto*i£|:*)^t, flu 
EDTPAiSSffi^7!/-4 , t'jB0. 5 4^1211% 

[»#JS2 1] »*3Sl 8tCE*<7)*fe^*3^T, flu 

e d t p a tm 5 <fc 9 * # I «R £ *pr ^ 

[1***12 2] f**Jf 1 8*CE*0^ft(C*5^r, flu 

E*«tt«E^3& s ffi>r*v*S:*tr*ft 0 
[»*S2 3] i»*igi 8I^E«<o*ftJcio^-c. flu 

30 [»#3g2 4l ISMi 8die«(7)*fel:io^t, si ■ 
E«F«W*4«»fc*W»*!«:*tf*fe 

[I«*«2 5] 8dlEicCO^ffi(C^^T, flu 

EW»S«s, ty7, ->y t>is&Xf%:<r>m& 

[IS*JS2 6] BMi 8tcEtt<o*&tcfc^r. flu 
EiMb*Jttiaifc<k7k*S:*tP*fe 

[»*g[2 7] 1**31 1 8(cis«co^fe^jov>r. flu 

[I»**2 8l 8»**5i 8i:S«^*ftl:*i^t, flu 
E'>#< o*>&WBtfs % KS^SJli:. fluffiffi^ 

[§§#312 9] M*«2 8*cE«EO^rj£jci3^T. flu 
fluta^/U^^M/I^T/i^ — ^^ ^v^x^v^d 
so [000 1 ] 
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[0 0 0 2] 

: yf>^f; ^T^«K&««£r*i«N-6 ^ £ J: o 10 
TJK«*ix5.fb*««BF* (CMP) Ji*S»fle^o-fe 

x co x t- 5/ -7(Dmiz.&mm(omffi ^wm-r z tzmzm v * 
[ooo3] -feWic, cMPit m-mfc^(r>±{zm 

[0004] x v y — tt— WBJfltt^**** 20 

f*:^^— ^iiX7 y — ^^«wattt6tis^ *>stMii* 

[0 0 0 5] *SSSM3§*li'>#< £ ^~ocop$ig^«g 30 
S&JKJI(±tt5 0fci*L 5 0 0 AT% ASJiftlcte l 0 0 

T\ 3 o o o 4^1 6 o o o At*>5 0 

[0006] 

<^6 0 CMPyot^^ll:, PfB&BJI 2 2 ^/U^ 
m 2 0 (c*H-£ ^7!) Hl^il 2 2 

<opi*-^x^ y — {C^ttLfc^#. ^^^Sl2 0li 
RB&««2 2<fc9iiKSFS£*LS. ^ix«i. (U2GDJ; 

*8 2 4{zmikcn>^z^£^\^m~-f n CMP/pt^^ so 
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[0007] mm&mmfcmtvom 2 6 co«®*t-wb 

^) CORBIE #RB^2 8(C^^tL-5ct 9 KBHfc^Ji 2 

^&JRJS2 oco— r^i. spSfcffi##gg6fK«3 Oco 
[0008] Sft^oPp1i@{c*fi-S— oco^(t-o(om 

0 «c*t-r a fi-<7> * 7 y - £ sss^jrs 2 2 tc*hr s « 
zi^*^ y--c*>«9, y — teRfK&M<;:*r 

t^c»it*-(7)^7 y — Srffli^c: tnm&tn*? 

[0 0 0 9] RSS&JKJB 2 2 C0W^3iS^rti^i"fc^^ 

^607^S1#rF^5, 7 0 0, 3 8 3^-(Cti^rU~ h£lJ£ 
5, 916, 8 1 9^-Mte. ^U— h^Ji: Itxf l/> 

[0010] ^^^^jrs(c< h^xmm&mmcnmtR 

^U'-h9J^llt5l(b»T^nTl^^\ CMP 
[0011] 

[0 0 12] *<0. ZLXm<DB&), *&Wlz£Z>m& 

^&mmirz>tz&><o* = 7 y — \z£^xmw*£tiz>, 
^-y^hmhtttz^m<^tzdb[Z7^m^m^(o^{z^ u 
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(DTP A) k&$trb»*Ll,i<\ DTPA<i^7y- 
i\ ^ v y —copHl±**j 7 J: Lt\ 

[0013] *mw<ni, o-^<nwm^. m^mt&m 

(CMP) -fZtz&hCOjjmX'frZo CMP* 

LT'^xf l/y h!)7; y^y^Ttf - h (DTP 
A) 4-^tffc#*Ll\ 

[0014] fc fc— ooo&JRJIti, KH&SS 

tm*. LV\ DTP A(iWffi^JRJitrB8LT^7 U — O 
otlT^^^^^M/iO^^^liCMPy'a-fer^tnr^i-?^ 20 

^ ^ f y *s J; r/f co^w^t < <t fc— o^j^o^ ta* 

[0015] 

^ * n ^ ^coh * # m l * *s e> . «t 9 ^(ciftpj $ n 

[0016] ^rl/-hffltLt^uyh!;7^>^ 
>^T-fe^-h (DTP A) Z^teWm*? V— fi. '> 

£ t> ^cD^Mil^^tP^^^^^-^^^M^fb 

^fS«W^ (CMP) * v y-^iitRtt^ifAO 40 

£-£6. El7n$ixfcllS60*]O'>/ir< £ fc— oo&JR/ias 
PSig&JRJl2 0 i/^^4*f2 2 (HKc^LfcJ: 
OiZ^Mfc 1 } '^4 4<7>q 3 (C^A,-Ci/^o Pfig^a® 

2 oc^«x7 y -<mtAn£ftfc3*y£W\ 

13C/Tlf:J:?l:, Pt^&Jlll 2 2M*N"£*7 
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[0 0 17] mflgiS:#fi8U '<;i^&JR/B2 0*K 
foZ>k&l£ Ll\ '<^?&mm 2 0 ^Tvu * - &*>X&> 

tin. » m^mm 2 2 is. *^*/u<7)»/j>*>*^±co 

20HT^7/H^^(:»LT, P$i££JSJf 2 2 ft 

?-#>myj\ ^?^m±.<r>mt?~9><omxhtitzthn 

a«$*tS«t5t-S&JRii*finT^5fcco-Cfc^o fife 

a. 

[0018] aft^^vjitaft^v^^Jiii^^^^: 

JRJB2 0«cf*#U ^t^/u^M&if^^ii:^ 
[0 0 19] *S«f)x-A4 4<7>SffiSrflFS-f~5£:J6 

<DCMPmmr^^yv com^Ltzmmm^K 

9 B 4 «r#Rg Lfc# ?>Rfl$ix5. S»#lw«i"f Clc 
l»ft5J;9i:, CMP8irt>yy4 0^4 
li/j^HJ60iJ«ct*^:affl"5riBr**>So «x.tfv^<o/r 
coCMP^MT-ir >y y (i[Hl|5^u— hioJ:t>'[E]e^^ 

[0020] CMPrtyyMoii, ^^x-a 

4 4Sr«fipi-^[HHb^* — li^/U^S:$tf 0 
9 y — fc5lM*»tffcffij*«>4 6WtW*^y K4 8^ 
JtiC^A^tt^o K4 8 (iEfe^-y/U^^^ 

>5 0\zm&£tlZ> o W^yK4 8lt 
f5fcif)(7)fc'57 p l/yv't-t^7 y — 4 60O#fti-^) 

^cojE^P^CMP^HT-fe^^ y 4 0lcJ:oTig/B£ 

[0 0 2 1 ] ^tt^ai — ^7j> y p^4 2ii$64 8icrat 
-CaR$iXfcafl[-C¥Wff«?3i-xN4 4^0gL 4 ^-y 

K4 8 <hs«-ra, *> ^—'^mfeto'tf—^x&mz 

thtzkZ, f?»:9x-A4 4^«ffitcgEtt-r2>^y K 

[00 2 2] ; ^;i/f/7^ ^^riv 5 2 li^ 7 11 - 
4 6 4:#J£<OiE«-C'<;y K4 8 (7)_hiC^Ai"5 ^ 7 V 
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-4 611 *&9i<nm&t:W£ o Zkte< . ^yK48 

✓Vy K4 8 C0±/^b»A$ft5/j»fcL*l#lf\, ft*^ 

[oo23] i**m&<nmft. fcmit&kft 

U— h£»J<b LT<50v^^^> h V 7 * >-<>^Ti?x — 10 
h (DTP A) «r£A,-Cl>5. BFI&aififr* L<H T 
/l^-K i?y7\ > ]) * *S J:T>*^cofM^co J: o 

[0 0 2 4] Efe^— 7*^5 OJiStR^ti/caiST-lHlfi 

ifff^ji— xn4 4C0*ffi^S^y K4 8 (ClILT^^JI^f* 

6« *7 !J — 4 6 t^y KCOJE^H flMMftfcilMi 

[0 0 2 5] SaSE<7>flF«X'SOPfl(75JE±< 
37ti6(C % X7!/-4 6I^U~h»liLT^xf i/y 
h^7;^V^7tr-h (DTPA) £r$tr 0 DT 
PA(1 RffiifiSfcatSi***^*— ^4 4C0*ffi*P 

boo, 9»(cie*s^jha 2 2i:feut, &m-< x^nmm 

h i Pf if 4x 5 *tt*«*»fifci- £ * VOfE{4«<7) 
ttfr-C — :>«±^{£«£Ltf>£:: i:*s-e**, 3OC0K 
•*--J^ (N 3 ) Sr^rtKfipo. i^m^^ftcn^ 

[0 0 2 6] fi£*0O*- u- hSU<iAS!«J<cii, 
-oco K-J-— JW^&Mfo. DTPAIl -to* 3 co K^" 

All, ^>^XT> 4 ffl* T/u£ = *A, S 

R&mm*n&x-&z 0 dtpah ^-^>*>^iMi^> 

-cOTK^ttSB^^-C^W^ix, cix5>co^fi|$ixfc>f 

[0 0 2 7 ] C4H13 Nst^^tl^), v^xf l/>hy7 
h 'J 7 ; VNsliHocoNim^^riBfe^-cO^T'f^^oa^ 

60 gftLt, M*4fe^BfB$ixfc&«i:^7 5 so 
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-4 6<30*U~ h»Jtora«^fK$n. P*f£&JRJi2 2 
[0 0 2 8] DTP Alix ffiScoflflje, *#ftB8^Sr«P 
^SLl^iCMt^o DTPAIiMlCfeUT 

*S*sit«kJ*^tyi:*i/- h£flco. K-#— W-T-cottlf 
Sr^tr, g><<r>'<7* — Zfr&fcm^&m-tZo DTP 

LT, h^Ji Lt(7)DTPAi;*tLTSiorP 

SCOT". KflC*f-r5»*L^iSHAS, fcottl** 

IT 5 <£ "9:fc£^Kf3rJ$o 0 

[0 0 2 9] ^rl/- h^i^: LtDTPASrfflt^W^ 

if, y-4 6^i±ssi#tziffeiibixfcv^n/j^coja 

*c±J*LfcJ:5^y K(i, 5pa<tcofc«>*c-t60*ffi-c 
[0030] X7'J-46 «f — . 
5.«x.*f. AS«^8fbfe»i^7 y-4 6<±. pH 

DTPAIi7J:^#^pH!rt)07^ygSS 

tm\i^t>ihz>t>*t> y r (ceo 2) 

«ttm«WK*^ U^7 y-4 6ft^ffit5o ^7 

y-4 6<nm<r>Qtmmm&*a'£ti2>fri> L*t*t^, ^ 

n^, 7vu^-J- (AI3O2) <b->y ^feSirMiv^ix/j^ 
[0 0 3 1] ^ru~ K^J<!:*(^Lr*Jffi$4a6il^3ft^ 

5o s^ue^ii, -e/)>o^a<7>^^R<3o«^s 
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e>*ifcRt, X7!;-li«7J:»)/h5^pHi:fco 0 
[0 0 3 2 ] *ft«W(±*t. iSSSlSr^y K4 
8 ^ffl^tCMPglf/^ * 4 0 <k*(cffl^btt, ^ 

^4 4 0*ffiit95lffffli-SfKf*:ll9!li:Sr^tr« ^it** 
— 4 6(i^^> K4 8l;«t:oT«ftShSfiS 

/;^ P H^7|:tLiVj vJn $ i/ >«N4jg ffirts-g- ijx5 d» fc 
Ltite\*\ ^9 9-4 6tffl^C)n5DTPAWilii 

*(cab*ttfc*-c*>3. turtle, ffi{fcia/£oQ|& 
itci^pt, h#j<t troDTPAd^o. 

[oo33] *mj\<»{&<nwmit. t&mm 2 6 1, mm 

m±.cr><Pts:< t fc-oo&MSr*ir**#**-^4 
4 «rft*tt««WBF* (CMP) -fZtctixnJjmX'lb 

^o^ftfi. ^ft^x-/N4 4«ieW1^ 20 
*<olB(ctt»Wtt»ft«r«*L43ftS6, CMP 
*7»J-4 6&5ME1-SlS**A/-e^S. ^7^-4 

4 4/^>b^i : SStl/c^MiC^-r5^r U~ h^J«t L"C60 v 5 

xfi/yFyr;^<y^7tf-h (dtpa) 
[0034] < t h-^(o&mmmnm&mm 2 2 

i:Wffl&JRJi±^/u^fkJRiS2 OS:, *m#*x--'^ 
4 4^ii;«S«Wl4:«*tt i ^fro D 
TPAfiPt^&JSJf 2 2lc68LT*7 y — 4 6 OiliRtt 30 

&m±mtz> 0 m±ztitimm&mm2 2<n^m&<o 

tzdhlZ^ y</u^^mJS 2 0(KiSLVt<O< CMPX 
4 4co{f S*t*sa:S$^5o '^t&MM 2 Oii, T/u 



[0035] ^(nietttiaiit/ii2T^$nt«c^6o 

[0 0 3 6] 

mi] ant a*ftaf(cao-ccMPxawffirici» 

« ft: £ * - ✓ ><7) 6ft E H "Cife £ o 

[IU2] |2lt CMP XH=C0&> i: (Dt&<D*pCD/<Jl' <7 ^fe 
®^^JIIL#:< I3?**«"*\" HI 1 -0*Lfc¥*IW***-'^ 

[|H3] Bl2(c|g^Sti/cJDltt<tf^J-J:oT5l^e^ 

[B4] x^y-t &m-r z> it^&imm 

2 0 /</U^&JgJl 
2 2 PtM#SJI 

2 4® 

26,28 mitmm 

3 2 ^*l#ffig 

4 2 (eICS* 
4 4 

4 6 X7!)- 

4 8 y K 

5 0 @gr-y^7 p 7ry 

5 2 ^^^/Uify^-f i/^rA 



[Hi] 
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7706 



